Various structural possibilities for Si3C 3 clusters are investigated by ab initio calculations employing basis sets of double-and triple-zeta quality augmented by d polarization functions. Correlation effects are included by a second-order Moeller Plesset perturbation treatment. For the two lowest-lying structures higher-order correlation corrections and multi-reference effects are also included. Bonding features are investigated by two different types of population analyses to obtain insight into the nature of chemical bonding. A total of 17 stationary points were investigated, 14 of which correspond to local minima and three being transition states. The energetically lowest-lying structures are: A "pyramidlike" structure with various multicenter bonds, followed by a Cs symmetric isomer closely related to the ground state Si 6 structure. Planar structures, favoured in small carbon clusters, lie higher in energy and are transition states. The lowest-lying triplet system is found to be the linear nonsymmetric Si-C -C -C-Si -Si structure, which is calculated to lie about 38 kcal/mole above the singlet ground state. A building-up principle based on bonding criteria is suggested for the occurence of the various structural possibilities. 31.10.+z; 31.20.Ej; 31.20.Tz siderable number of Si~ + compounds, in particular for n_< 60, has been determined experimentally [9]. Several recent publications are focusing on the study of small elemental silicon dusters using ab initio methods [10][11][12][13].
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PACS:
Although the elemental silicon and carbon clusters have been studied quite extensively, both by experimental and theoretical methods, relatively little information seems to be available on the "mixed" silicon carbon clusters. The study of silicon-carbon clusters is very important not only because their properties could provide new insight into the physical and chemical behavior of the parent materials, but also on its own right. The threeand four-atom species Si2C, SIC2, Si3C, SiC 3 and Si2C 2 have been investigated both experimental [14] and theoretically [15] [16] [17] [18] , but less is known for the other species.
It is goal of the present work to study in detail the Si3C 3 system which can be thought of as a link between Si 6 and C6. Total energies, relative stabilities and bonding features of various competing structures will be discussed in order to get further insight in the relationship between structure and stability. As will be illustrated, the equilibrium geometry of the Si3C 3 is "pyramid-like" and stabilized by the formation of multicenter bonds.
Introduction
The study of clusters which constitute a link between molecules and the solid state has become an extremely active field of research in recent years. Among the elemental clusters carbon dusters are presently of greatest interest because of their significance in astrophysics, combustion processes and the design of new materials [1] [2] [3] [4] [5] [6] [7] [8] . The review of Weltner and van Zee [8] summarizes the situation up to April 1989. Since then the growth of the carbon cluster literature is tremendous.
The isovalent silicon clusters have received less attention, but the structure, stability and reactivity of a con-
Technical details
The Hartree-Fock (HF) method was used as a starting point for determining the various stationary points on the Si3C 3 hypersurface. Various initial structures were chosen and a complete geometry optimization within the given symmetry was then carried out until the structure corresponding to a stationary point was found. In order to check whether these points correspond to real local minima, the optimization procedure was continued without any symmetry constraints (C 1 symmetry). In addition the Hessian matrix was always checked for imaginary eigenvalues.
For the optimization of the geometry of the various Si3C 3 arrangements the AO basis set was of double-zeta quality augmented by d polarization functions with exponents d(Si)=0.4, d(C)=0.8; it will be referred to as DZP set [ 19] . From previous experience it is known that such bases in combination with HF treatments yield very realistic bond distances and bond angles [20] . In order to check to what extent electron correlation affects the computed structural geometrical parameters, geometry optimization was also undertaken for the lowestenergy structure employing the Moeller-Plesset (MP2) perturbation treatment in an AO basis of triple-zeta quality including polarization functions (TZ2P basis, d(Si) = 0.23, 0.69; d(C) = 0.46, 1.39). The change in bond lengths (relative to the SCF gradient procedure in the DZP basis) was about 1% (2-3 pm) while the difference in bond angles was around 3-5 degrees. These small changes were not considered important enough to justify the use of the more extensive MP2 (TZ2P) treatment for the optimization of the higher-energy structures.
For the determination of the energy difference between various isomers the effect of electron correlation must be considered in the theoretical treatment. For this reason single-point calculation were carried out for the optimized structures at the MP2 level of treatment using the DZP and a more flexible basis of triple-zeta plus polarization quality (TZP). Comparison of the DZP and TZP results give an indication of the AO basis set convergence. As mentioned above, in some cases a TZ2P basis [21, 22] was also used. In cases in which the energy differences were needed with high accuracy single-point CASSCF calculations followed by second-order perturbation theory (CASPT2) were also undertaken in order to account for multi-reference effects; in these calculations a correlation-consistent basis suggested by Dunning and coworkers [23, 24] was employed. The bulk of the computations was carried out with the TURBOMOLE program package [21, 22] ; the higher-order effects were determined with the MOLCAS program package [25, 26] .
Bonding features are investigated using the standard Mulliken population analysis [27] ; in addition the method proposed by Roby-Davidson-Heinzmann-Ahlrichs (RDHA) [28] [29] [30] [31] is also employed. In the latter the unassigned charge is minimized by the use of modified atomic orbitals MAOs leading to a better description of multicenter bonding effects. The s, p, and d orbital occupation numbers obtained from the Mulliken analysis also seem to be a reliable measure in the analysis of bonding properties. 
Discussion of the results
A total of 17 structures has been examined; their equilibrium geometries are given in Figures 1 to 5 . The starting points for the geometry optimization were pyramidal, linear, cyclic (planar and non-planar) and octaedral arrangements of the nuclei. Among the "pyramidal" structures we started with the four possible arrangements of the atoms: with silicon in 
